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Assistant Commissioner for Patents 
Washington, D.C. 20231 

I, William E. Hoke, state that: 

1. 1 am a co-inventor of the above-identified patent application; 
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Serial No.:09/504,660 
Filed: February 14, 2000 
Atty. Case No.RTN2-047PUS (Formerly 07206/047001) 



2. 1, jointly with Katerina Y. Hur, completed the invention claimed in the above- 
identified patent application in the United States prior to^September 29, J992^ > 

3. In support thereof, I submit the following evidence: 

A. Record of Invention form and disclosure document entitled "High 
Breakdown Voltage, Strain Compensated Alo.60Ino.40As/Gao.35Ino.65As/InP HEMTs" attached 
EXHIBIT; 

B. Said disclosure document states on page 1 of the disclosure document: 
"We have invented an Alo.60Ino.40As/Gao.35Ino.65As/InP HEMT structure ... to simultaneously 
deliver high output current (690-850 mA/mm) and high breakdown voltages (9-1 1 V). The new 
HEMT structure utilizes a strained Alo.60Ino.40As Schottky layer and a strained Gao.35Ino.65As 
channel. ... We call this new HEMT structure a strain compensated HEMT structure due to the 
fact that the tensile strain in the Alo.60Ino.40As Schottky layer is compensated by the compressive 
strained in the Gao.35Ino.65 As channel layer ". 

C. Said document states on page 2: "Fig. 2 shows the output current 
density and reverse gate-to-drain breakdown voltages measured on several double recessed, 
strain compensated AlInAs/GalnAs/InP HEMTs with variable source-to-drain spacing and first 
recess width". 

D. The table on page 2 is captioned: Fig. 2 Results of DC IV 
characteristics of double recessed, strain compensated AlInAs/GalnAs/InP HEMT with variable 
source-to-drain spacing (SD) and first recess width (Lr). 

E. As stated on page 1 of the disclosure document: "Fig. 1 shows the new 
HEMT layer structure. The epitaxial layer structure consists of a heavily doped Gao.47Ino.53As 
capjayer, an Al 0 .48lno..52As recess layer, an Alo.60Ino.40As Schottky layer, a top Si pulse doped 
layer, an Alo.48lno.52 As spacer, Gao.35Ino.65As channel, an Alo.48hio.52 As spacer, a bottom Si pulse 
doped layer, and an Alo.4sIno.52As buffer layer grown on top of the semi-insulating InP substrate". 
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Serial No.:09/504,660 
Filed: February 14, 2000 
Atty. Case No.RTN2-047PUS (Formerly 07206/047001) 

F. The dates have been removed from the attached copy in Exhibit but on 
the original said dates are prior to September 29, 1997. 

4. All statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true. 

5. 1 understand and have been advised that willful false statements and the like 
made herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon. 



Date: ^pv^ Ho^O O^ 



William E. Hoke 
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Re rd Of Invention 
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An Invention Disclosure should be submitted on every new or improved device, system, method, or composition of matter 
devised by you, which is more than routine engineering. Prepare three copies of this R cord of Invention Form and sign 
each copy. Attach to each one your Invention Disclosure. Forward two sets to th Patent Section of th Law Department 
th rough your Division Manager via your supervisor, and a third set directly to the Patent Section of the Law Department. 



The Invention Disclosure should contain: 



1. A statement and discussion of the problem 
solved by the invention. 

2. A complete description of the inventive device, 
system, or method Including sketches or 
drawings, and an explanation of how the 
invention works and how It solves the 
problem. 

3. A brief statement of why you believe the 



invention to be new. Specifically point out 
Important features believed to be novel. State 
the advantages of invention and the sacrifices, 
if any, made to achieve these advantages. 

4. State possible commercial and/or military uses 
of the invention. If the concept of the invention 
is applicable to other problems and fields of 
interest, state what they are, and how the 
principles of the invention would be used. 
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HighBreakd mi Voltage, Strain Compensated 
MiioIn 040 Aj/Ga 0 j S In ft6s A8/InPHEMTs 



Katerina Y. Hur and William E. Hoke 



Raytheon Electronics 
Advanced Device Center, 
Research Laboratories 

362 Lowell Street 
Andover, MA 01810 

InP-based HEMTs are attractive devices for use in monolithic millimeter wave 
integrated circuits due to their record performance in high frequency aS low noise 

SSS C ^r CS K DeSplte ? C Signiflcant ad ^cement in low noise appU^ SJ! 
based HEMTs have not been fully utilized for high power applications due To their 
low breakdown voltages (typically less than 6 V). 

wS?."? 1 /' ? d ?^ We f eoessed « ate P~cess was developed for AlInAs/GalnAs/InP 
HEMTsi to significantly increase breakdown voltage. However, one problem with 
the double recessed AlInAs/GalnAs/InP HBMT is low output current (as low as 400 
^£2kL W ^^ V V nV uf ted an A W*a<oAs/Ga^m 0>tf As/InP HEMT structure 
^ P ^cn^* 6 . d0Ub 6 recess P rocess to simultaneously deliver high output 
curr^t (690 - 850 mA/mm) and high breakdown voltages (9 - 11 V). The niw HEMT 

rh^ e , UfallZeS « a Straine ^ ^Wna^As Schottky layer and a strained Ga^In^s 
channel layer. Because of the larger conduction band discontinuity betw^enfte 
Schottky and channel layers, high output currents can be obtained. Low breakdown 

w 01 ^ H y M ! odated ^ usi *g Ga^In^s channel layer (less than 4 V) 
was siguficantly enhanced by the use of a double recessed gate process. We call this 
new HEMT structure a strain compensated HEMT structure due to the fact that the 
tensile strain in the Al 0 <e In 0 . te As Schottky layer is compensated by the compressive 
strained in the Ga 0<M In 0 . ffi As channel layer. y 

Fig. 1 shows the new HEMT layer "structure, The epitaxial layer structure consists of a 
heavily doped Ga 0i47 Ir^aAs cap layer, an AI M8 In 0Jl As recess layer, an Al 0<0 In M0 As 

^n«oi y y6 /; V° P A Si PUlSe d T d kyer ' ^o^^As spacer, Ga^In^As 
cftaiuiel, an AI 048 In 032 As spacer, a bottom Si pulse doped layer, and an Al 048 In a .,As 
buffer layer grown on top of semi-insulating InP substrate. The top to bottom Si 
pulse ratio was 2.5 to 1.5. Typical carrier sheet density was 4x10" cm-2 and Hall 
mobility was 9600 cm 2 /V-sec at room temperature. 

The wet etch process for mesa isolation with a channel notch consists of a 20 sec. etch 
in 1:8:160 H2SO4:H2O2-H20 and a 90 sec. etch in 6:1 succinic acid:H202 etchant. 

1 K.Y. Hur. ctal. 1995 IEEE GaAsIC Symposium 
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Ohmic contacts for the s urce and drain pads were fabricated using a 900A AuGe - 
2000A Au xnetaUurgy and a 375°C aUoy furnace. Typical urtreeessed saturation 
current, Isat, was greater than 1000 mA/mm. Electron beam lithography and the 
1:1:100 H3P04:H202:H20 etchant was used for the first recess and gate etch. For the 
first recess etch, the wafer was etched until the current level in the range, 0.7S Isat - 
0.8 Isat, was reached. After the gate recess etch to a current level in the range, 0.6 Isat 
" 0-65 Isat, Schottky metal consisting of 500 A Ti - 500A Pt - 4000A Au was deposited 
and lifted off. r 

Fig, 2 shows the output current density and reverse gate-to-drain breakdown voltage 
measured on several double recessed, strain compensated AlInAs/GalnAs/InP 
HEMTs with variable source-to-drain spacing and first recess width. Maximum 
output current as high as 850 mA/mm with corresponding breakdown voltage of 9.6 
V have been demonstrated. Typical extrinsic transconductance in excess of 600 
mS/mm was measured at Vds = 2V. Therefore, the new strain compensated 
AlInAs/GalnAs/InP HEMT layer structure may be potentially a viable material for 
microwave and millimeter power MMICs. 
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Pig. 1. The layer structure of the double pulse doped, double nomed 
stram compensated AUnAs/GalnAs/InP HEMTs recessed, 
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Fig. 2. Results of DC IV characteristics of double recessed, strain 
compensated AlIaAs/GalnAs/InP HEMTs with variable source- 
to-drain spacing (SD) and first recess width (Lr). Output currents 
Omax) in the range 690-850 xnA/xiun and breakdown voltage 
(Vbdg) in the range 9-11 V have been obtained. 
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